BACKGROUND: Important administrative-based measures of hospital quality, including those used by Centers for Medicare and Medicaid Services, may not adequately account for patient illness and social factors that vary between hospitals and can strongly affect outcomes. Do-notresuscitate (DNR) order on admission (within the first 24 hours) is one such factor that may reflect higher preadmission illness burden as well as patients' desire for less-intense therapeutic interventions and has been shown to vary widely between hospitals. We sought to evaluate how accounting for early DNR affected hospital quality measures for acute myocardial infarction.
A
pproximately 600 000 hospital admissions for acute myocardial infarction (AMI) occur annually, one of the most common reasons for hospitalization in the United States. 1 Significant improvement in outcomes has been made over the last decade, with declining mortality rates and length of stay. 1 Despite the improvement in outcomes, costs for AMI care have significantly increased. 1 As a result, AMI care remains a target for multiple programs to measure quality and improve care. AMI hospitalizations are one component of the Centers for Medicare and Medicaid Services (CMS) Value Based Purchasing pay-for-performance program. Hospitals incur financial penalties for poor performance, and financial reward for good performance, on risk-standardized measures of AMI mortality and readmissions. 2, 3 Many elderly patients with AMI or patients with other medical comorbidities have chosen to pursue donot-resuscitate (DNR) status, deciding to forego resuscitation in the event of cardiopulmonary arrest. [4] [5] [6] [7] DNR status is an important indicator of significant comorbidity and disease burden, particularly when established early during a hospital stay. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] DNR orders can influence care decisions beyond resuscitation alone, including use of therapies known to impact survival (such as a 5-fold reduction in rates of coronary revascularization for ACS and lower utilization of evidence-based heart failure therapies). 17, 19 DNR status on hospital admission is likely a strong indicator of unmeasured comorbidity, risk, frailty, and patient preference beyond factors traditionally included in risk models, whereas DNR orders enacted later in hospitalization may reflect lack of response to treatment.
Accurately accounting for differences in patient comorbidity and treatment risk are crucial to ensuring that the measures are accurate and hospital quality is fairly judged. Use of DNR orders is known to vary widely between hospitals for a number of important clinical conditions. [8] [9] [10] [11] [12] [13] DNR status is not currently accounted for in the mortality or readmissions models in use by CMS, and there remains a lack of consensus on whether DNR status should be included in risk-standardization models. [20] [21] [22] Potentially inaccurate assessment of outlier status (hospitals with higher or lower than expected mortality or readmissions) has significant implications for hospital reputation and reimbursement. Failure to account for DNR status appropriately results in adverse incentives on the part of hospitals and may lead to nonpatient centered care. 23 The California State Inpatient Database (CA-SID) offers a unique opportunity to study the relationship between early DNR and outcomes. CA-SID is the only current administrative claims database that identifies patients with DNR order in place within the first 24 hours of admission. We sought to evaluate how variation in early DNR rates (and therefore unaccounted confounding factors) impacts hospital risk-standardized mortality (RSMR) and readmissions (RSRR) for AMI and hospital outlier status, within the CA-SID.
METHODS

Data Sources and Patients
We identified all adult patients within the CA-SID with a primary admission diagnosis of AMI during 2008 to 2011 (based on International Classification of Diseases, Ninth Revision -CM codes delineated in the CMS measure specification). 2, 20, 21 This administrative claims database uniquely identifies patients' early DNR status. 24, 25 We excluded patients that were transferred from another hospital, were discharged alive within 24 hours of admission and not transferred to another acute care facility, or admitted to a hospital with <25 qualifying admissions during the study period. 20, 21 The readmission cohort included only patients who were discharged alive from their initial hospitalization. If patients had >1 hospital admission for AMI during the measurement period, an index admission was chosen at random across 3 years. See Figure 1 for a flow diagram of cohort construction. Data access is governed by agreement with the Agency for Healthcare Research and Quality, therefore, direct access to the data cannot be made public.
Exposures and Outcomes
Early DNR status was determined from CA-SID data and was defined as a DNR order within the first 24 hours of the patient's admission. 26 This variable has previously been shown to have 84.3% agreement with chart abstraction. 27 Patient comorbidity variables were assigned using Hierarchical Clinical Conditions, Version 12. 28 We included all diagnoses for the year before the index admission. Some conditions were considered complications rather than comorbidities if they were not present on admission. The primary outcomes were in-hospital mortality and all-cause 30-day readmissions.
WHAT IS KNOWN
• An early do-not-resuscitate order is a strong predictor of acute myocardial infarction outcomes, likely reflecting additional disease burden beyond that which is captured by comorbidity measures alone.
WHAT THE STUDY ADDS
• Use of do-not-resuscitate orders varies widely between hospitals and is strongly predictive of mortality and readmissions. Including do-notresuscitate order in risk-adjustment models improves model fit and results in substantial reclassification of hospital quality.
• Do-not-resuscitate status is an important variable to consider when assessing acute myocardial infarction quality.
Statistical Analysis
Univariate analyses of demographic and comorbidity data were performed using means with t tests or ANOVA for continuous variables and contingency tables with Fisher exact tests. Unadjusted correlation between hospital DNR rates and the primary outcomes was analyzed using Spearman correlation. We fit hierarchical mixed-effects logistic regression models with hospital-specific random intercepts predicting DNR. These models were used to generate hospital DNR riskstandardized predicted-to-expected ratios (P:E ratios) for DNR utilization, mortality, and readmissions. Variation in DNR utilization between hospitals was expressed as the median odds ratio (MOR), which expresses how much hospital variation contributes to DNR order use on the odds ratio (OR) scale. 29 We assessed risk-standardized mortality and readmissions using methods similar to those employed by CMS. 20 Hierarchical mixed-effects logistic regression models with hospital-specific random intercepts were fit using the covariates defined in the CMS measure methodology. The impact of DNR status was assessed by fitting models including DNR status as a fixed effect in addition to the CMS variables. CIs for hospital-specific intercepts and P:E ratios were generated by bootstrap resampling of hospitals with 2000 random samples. Hospitals were labeled high or low outliers if the bootstrapped CI for the P:E ratio or mortality or readmissions did not include one (indicating a difference from the average hospital with a similar patient population). Model fit was assessed using receiver operator characteristic curves and C statistics. Model calibration was assessed the HosmerLemeshow goodness of fit test. A sensitivity analysis using generalized estimating equations with a compound symmetry covariance structure was used to evaluate the mixed model specifications.
Hospital DNR and outcome P:E ratios from each model were compared using Spearman correlation and visually using linear regression lines. P:E ratios from the comorbidity only, CMS-type model was compared with the DNRadjusted models using Spearman correlation. Changes in hospital outlier status between comorbidity only and DNR-adjusted models were assessed using Kappa agreement statistics. Hospital RSMR and RSRR rates were calculated by multiplying the P:E ratio by the average mortality. The influence of hospital size on outcomes was analyzed by comparing mean hospital volume in each outlier stratum using ANOVA. Mean hospital volume in the outlier strata was compared with the nonoutlier stratum using Dunnett test.
Analyses were conducted using SAS 9.4 for UNIX (SAS Institute, Cary, NC). Graphics were generated using JMP Pro 12 (SAS Institute, Cary, NC) and R Version 3.3.2 (CRAN Project) ggplot2 package. Statistical significance was determined at α<0.05 using 2-tailed tests. Means and 95% CI or medians and 25 to 75 percentile interquartile ranges are reported, where appropriate. This study was approved by the University of Rochester Medical Center Institutional Review Board and determined to be exempt from review.
RESULTS
The source data set included 11 887 342 admissions. Early DNR status was missing for 1984 (0.02%) of the admissions in the source data set. The final AMI mortality analysis population included 109 521 patients from 289 hospitals with a principal diagnosis of AMI with overall mortality rate of 6.8% (n=7430). The final readmission cohort included the remaining 93.2% (n=102 091) patients who survived the index hospitalization. The overall 30-day readmission rate was 13.1% (n=13 323), with a median (interquartile range) number of days to readmission of 13 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Patients with DNR orders were older, with different racial/ethnic distribution, and more comorbidities than patients without DNR orders. Patient characteristics in the mortality and readmissions cohorts stratified by DNR status are reported in Table 1 .
There was a moderate degree of variation in risk-adjusted outcomes between hospitals. Hospital RSMR ranged from 3.7% to 11.5% with a SD of 1.3%. The MOR for mortality was 1.32 (1.26-1.37). Hospital RSRR ranged from 9.1% to 18.5% with SD 1.7%. The MOR for readmissions was 1.23 (1.19-1.27). Figure 2 for plots of between-hospital variability in DNR, mortality, and readmissions rates. See Table  I in the Data Supplement for regression model terms predicting DNR use.
Patient-Level Influence of DNR on Outcomes
At the patient level, DNR status was strongly associated with higher mortality rates, OR 4.24 (3.97-4.52), P<0.001. DNR status was moderately but significantly associated with lower readmission rates, OR 0.76 (0.70-0.82).
Association Between Hospital DNR Rate and Outcome Rates
Hospital-level comorbidity-standardized DNR rates did not correlate with comorbidity-standardized RSMRs (ρ=0.043, P=0.47) but did correlate with comorbidity-standardized RSRRs (ρ=−0.259, P<0.001), Figure 3 .
After including DNR in risk models, higher hospital rates of DNR use were significantly correlated with lower RSMR (ρ=−0.287, P<0.001) and RSRR (ρ=−0.211, P<0.001), Figure 3 . Hospital mortality and readmissions rates were not significantly correlated, either before or after accounting for DNR status.
Mortality and readmissions RSMRs and RSRRs obtained from the DNR model correlated highly with the CMS-type model, with ρ=0.926 for mortality and ρ=0.998 for readmissions (P<0.001 for both), Figure 4 .
Model Characteristics After Adjusting for DNR
Model terms before and after including DNR status are shown in Table 2 . Including DNR status in the mortality model resulted in an improvement in model C statis- 
DNR and Changes in Hospital Rankings
The CMS model resulted in classifying 25 (8.7% of total) hospitals as high mortality outliers and 19 (6.6% of total) hospitals as low mortality outliers. Of the 25 hospitals designated high outliers for mortality by the CMS model, and therefore destined for a financial penalty, 6 (24%) were reclassified as nonoutliers after including DNR status.
CMS methods also designated 16 (5.5% of total) hospitals as high readmissions outliers and 14 (4.8% of total) as low readmissions outliers. Of the 14 hospitals designated high outliers for readmissions by the CMS model, 2 (14.3%) were reclassified as readmissions nonoutliers after including DNR status.
Agreement in outlier status between models with and without DNR status was moderate for mortality High and low mortality outlier hospitals were larger than nonoutlier hospitals (Table IV in the Data Supplement). Low readmissions outlier hospitals were larger than nonoutlier or high-outlier hospitals (Table V in the Data Supplement).
DISCUSSION
We found that early DNR status is a common finding in patients presenting with AMI, early DNR status varies widely between hospitals, and DNR is a strong predictor of higher rates of hospital mortality and a moderate but significant predictor of lower rates of early readmission. As a result of the variation in early DNR between hospitals, DNR status results in a moderate amount of reclassification of mortality outlier status. Early DNR appears to impact hospital readmission outlier status to a lesser degree. 12 The findings presented here have important implications for quality measurement and public reporting systems currently in use, including the CMS pay-forperformance programs.
Our findings expand on previous reports in that early DNR use varies widely between hospitals and is not sufficiently explained by patient comorbidity case mix. 10, 12, 18, 30 Previous work by our study group has demonstrated similar findings for patients with heart failure and pneumonia. Our findings in this study reinforce that DNR status is a strong confounder of hospital mortality metrics. Prior studies have demonstrated that DNR status is strongly affected by unmeasured factors such as race, socioeconomic status, education, and local physician and patient practice patterns. 8, [31] [32] [33] [34] [35] Patient preference does not account for most of the observed variation in DNR utilization nationwide, suggesting that variation in DNR use may reflect disparities in care. [36] [37] [38] [39] These factors have historically not been accounted for in the measures, and their inclusion in risk-standardization models has been problematic.
Despite this fact, DNR status appears to affect hospital mortality classification resulting in potential impact on hospital reputation and reimbursement. DNR status affected mortality outlier classification in nearly onequarter of the hospitals coded as high mortality outliers by the CMS method or after including DNR. Hospitals that care for disproportionate numbers of frail elderly patients or those with terminal diagnoses, and those cared for in health systems that routinely ask about advanced directives, are not adequately captured by Hierarchical Clinical Conditions may, therefore, be inappropriately penalized because of their mortality statistics as a result of biased mortality risk-adjustment despite potentially providing more patient-centered care. 23 There is concern that high rates of early DNR utilization may reflect the sequelae of treatment complications and, therefore, be a marker of poor quality of care. Alternatively, low rates of early DNR utilization may also reflect poor patient-centered decision making processes and, therefore, could also signify poor quality Model fixed effects ORs and P values, and median ORs for mortality and readmissions generated from hierarchical models. Percent change in fixed effect odds ratios are also noted. CMS indicates Centers for Medicare and Medicaid Services; DNR, do-not-resuscitate; and OR, odds ratio. of care. Further elucidation of the factors that impact DNR utilization and how it relates to quality care processes is currently unknown and is an area for further research. There may be some negative implications of including DNR status, including potential gaming of the DNR designation. We feel that this is likely to be less of an issue with DNR status specifically as patients cannot be listed DNR without their explicit consent.
Interestingly, DNR status appears to affect the readmission measure differently than the mortality measure. Although DNR status was significantly associated with lower rates of readmissions, and model performance was marginally improved, fewer hospitals were reclassified after adjustment for DNR use compared with mortality. DNR status was much more strongly associated with mortality than readmissions. This finding mirrors those from previously reported findings in patients with pneumonia. 12 In contrast to mortality, hospitals with higher DNR rates have lower risk-adjusted readmission rates after accounting for DNR status. This may be driven by competing risk (if you are less likely to survive a hospitalization, you are less likely to be in the pool of patients able to be readmitted). It may be that patients with DNR are less inclined to seek care and thus have lower readmission rates. It is also possible that higher rates of DNR utilization are a marker of social factors which impact risk of readmission. Additionally, DNR status on discharge may be more appropriate to measure when evaluating readmission risk.
There were a number of limitations for our analysis. First, the most recent CA-SID data set at the time of our analysis was from 2011, before more recent changes in design of the Value Based Purchasing Program. No other, more contemporary dataset includes the variables necessary to perform this analysis. We did not have access to outpatient patient diagnosis files, therefore, we were unable to account for patient comorbidities that resulted from outpatient encounters. Likewise, we were unable to report 30-day mortality. This may result in some degree of ascertainment bias and introduce bias towards higher mortality for hospitals with longer length of stay or higher illness burden. It also precluded analyzing outpatient death as a factor in lower readmissions among patients with DNR. The DNR variable has previously been shown to have high agreement with chart review (84.3%), however, there may be some misclassification of DNR status between patients who died and those who survived. 27 Additionally, model calibration was poor which leads to overestimation or underestimation of risk for certain patients. This is less of a concern when attempting to compare hospital performance rather than make risk predictions for individual patients. There may also be differences in coding practices between hospitals.
Mortality and readmissions statistics are important measures of hospital quality that are publicly reported, therefore, there it is important that they accurately reflect hospital quality. DNR status could, with some additional effort, be collected for inclusion in measure risk models if this variable were felt to be important by CMS. Of course, setting up systems so that providers and hospitals will capture this information accurately in the medical record has challenges. An International Classification of Diseases, Tenth Revision (ICD-10) code for DNR status exists with a present on admission indicator and could be included in comorbidity classification systems with appropriate rule changes. Further study is needed to develop risk models that accurately account for patient preferences. 
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